In recent decades, landfill sites have been a potential source of contamination, which can hurt the environment due to the accumulation of heavy metals and processed organic products. In the Tangier landfill, the different types of wastes are missing any prior treatment or any soil of protection. This behavior constitutes a risk factor of contamination for the soil and groundwater. Between the waste and soil, many physicochemical and biological reactions occur. The objective of this work effort is to derive a global and in-depth characterization of the organic and mineral matter of the soil samples from the Tangier landfill. The study of organic matter (OM) in soils help to understand the evolution of soil contamination. Eight samples of soil have been studied using a range of chemical and physical analytical methods. FT-IR spectroscopy and X-ray diffraction analyses have used to investigate the nature of organic matter. The analysis of heavy metals in the soil showed that there is a significant presence of Pb, Cd, As, Cr and Zn quantities which are mainly due to industrial waste.
Introduction
The increase of industries and the population growth in the world has led to considerable growth of contaminating waste, which must be well managed to avoid the transfer of environmental pollution 1, 2 . Implementing solid landfill waste without any prior treatment or any protection of the soil in the landfill sites constitutes a risk factor of contamination for soil surface and groundwater. The landfill is the most common way of storing waste around the world. This practice leads to gaseous emissions and liquid leachates that are produced after waste decomposition 3 and rainwater percolation 1, 4, 5 . Their composition varies considerably, depending on the origin and nature of the disposed waste, the landfill geographic location and the climate conditions 4, 6 . There are different types of pollution, mainly chemical, physical, radioactive and biological pollution. This study aims to provide baseline data on the chemical and metal pollution contained in the soil in northern Moroccan city (Tangier). Large quantities of heavy metals (in solid forms) have buried during the storage of municipal or industrial waste. The purpose of this study is to investigate mainly the organic parameters and the total concentrations (mg/kg dry matter) of metals Zn, Cr, Pb, Cd, and As to assess and quantify the organic and metallic pollution, and learn about how urban and industrial activities may generate this pollution. Moreover, MEB, X-ray diffraction and spectroscopic analyses (FT-IR, UV-visible) have been used to investigate the organic and the inorganic matter nature of the soils. For FT-IR analysis, we focused on the absorption bands in the region of 400-1000 cm-1 to obtain detailed information about organic matter nature of soils.
Materials and methods

Sites
The landfill of Tangier city is uncontrolled and open, is located southeast of the town 5 km from the city center on the road (RN2) to Tetouan, and it extends on a flat of 20 ha. It has been put into operation since early 1970 on a land belonging to the private domain of the State. The landfill is located on hills surrounded by the valleys of the bottom Moghogha and Ghir Boudra south and those bottoms Mlaleh Khandak and Bou Hajjar of east. The quantity of waste has closely linked to population ratio and the production of waste.
Soil samples
Eight samples have been collected from the surface layer of soil (0-20 cm) of the uncontrolled landfill of tangier Figure1. These obtained samples from the landfill have been manually sorted to remove metal, plastic, glass, and stone. Residual samples were ground, and sieved particles smaller than 2 mm in diameter have been used for analyses.
Figure 1. Location of the study area
The soil giving rise to the landfill is a forest floor (Charf al Aakab) of the Vertisol type (is a soil in which there is a high content of expansive clay minerals), characterized by a vegetation of Eucalyptus and by a water table flush with physicochemical growths following Table 1 : The band at about 1624 cm -1 corresponds to the C = C bonds of the aromatic and olefinic compounds.
Two bands between 3000 and 2800 cm -1 are attributed to the valence vibrations of the alkyl groups (-CH3, -CH2, -CH).
The 1725 cm -1 band corresponds to the C=O vibrations of carbonyls (aldehyde and ketones) and carboxyls (esters and acids).
The band located at about 1461 cm -1 is due to the mode of specific deformation of the -CH2 groups; and the bands which lie between 650 and 900 cm -1 correspond to the deformation vibrations, out of the plane, of the C-H bonds of an aromatic ring or an alkene.
Soil analysis
Soil pH was measured in water, and also in 0.1 M KCl (soil/solution ratio 1/2.5), using a glass electrode The organic matter (OM) content was determined by the loss on ignition of the dry mass at 550°C, and the total nitrogen (Nt)--by the Kjeldahl method. The organic carbon content (Ct) has determined using TOC/TNb2100S (Tangier, Morocco) Analytikjena analyzer.
The contents of heavy metals (Zn, Cr, Pb, Cd, and As) in the sediments were determined by Atomic-plasma emission Spectroscopy ICP AES (Ultima 2-JobinYvon) in (CNRST) national center of scientific research. The obtained results have been expressed in mg/kg. In this work, the choice of these metals takes into consideration those most dangerous and most frequently met in the soil. Moreover, these metals have usually been used in the industrial.
UV-Vis spectroscopy of soil samples
One gram of each soil sample has weighted into a 250 ml polyethylene flask and extracted with 50 ml of 0.5MNaOH by shaking for 2 h. After, the flask was left overnight. The next day the suspension was centrifuged at 3000 rpm for 25 min, and the absorbance (A) of the supernatant was measured at λ=280 nm (A280), 472 nm (A472) and 664 nm (A664) 7 . The following absorbance ratios indicating the degree of humification were calculated: Q2/6 =A280/A664 and Q4/6= A472/A664. The Q2/4 reflects the proportion between the lignins and other materials at the beginning of humification and the content of materials at the beginning of a transformation. The Q2/6 denotes the relation between non-humified and strongly humified material. The Q4/6 is often called the humification index and is the most often calculated ratio. Typical values of the Q4/6 ratio for humified material are usually < 5 8, 9 .
FT-IR spectroscopy
Pellets have prepared by mixing 1 mg of each freezedried sample with 100 mg of KBr so that the mixture became homogeneous. Infrared spectra have recorded on these pellets with JASCO Corp., FT/IR-410 spectrometer over the 4000-400 cm -1 range.
X-ray diffraction
For X-ray diffraction analysis, samples ground into powder were suspended in deionized, distilled water then smeared on glass slides, air-dried, and analyzed with Diffractometer system=XPERT-PRO (Operator: C.N.R.S.T, morocco) using Cu as a node Material and generator settings of 40 mA, 45 kV. Table 2 shows the main physical and chemical characteristics; measurement of electrical conductivity (EC) of the soil is a property that has become one of the methods of measuring soil salinity 10 . For our samples, it has a high conductivity indicating that it is salty; EC values vary between 0.1282 ms/cm and 5.91 ms/cm. These values are relatively high to EC cultivated soil11 and similar to household waste compost values 9-11 . The pH is around neutral except P6 and P7 which is basic, so the medium is neutral-basic. Theoretically, at atmospheric pressure, the pH of the soil solutions increases with the presence of excess carbonate 12 due to the nature of the lands (Region rich in limestones) 13 . The presence of limestone in the soil causes an increase of the total organic matter content. Most of the values are highly calcareous varied between 15.90 and 29.50% (According to the International Norm: NF ISO 10693).
Results
Physicochemical analyze
For organic matter, the percentage varies from one site to another (from 0.172% to 24%). The organic matter in landfills soils comes from several types of waste fermentable (degraded compounds, cardboard paper …) and other easily degradable compounds (such as plastics which are essential sources of organic matter) 14 . Indeed, the organic material content is the parameter that has an excellent correlation with the retention power of the organic and metal pollutants by the soil 15 .
The C/N ratio does not exceed 15 in most samples except P5, P6 and P8, the maximum value (27.77) is observed in the P5and similar to household waste compost values 16, 17 . Landfill soil samples are deficient in nitrogen (varies between 0.01 and 0.73%). All of the physical and chemical properties of the soil have closely related to structure and texture. Soil particles are classified according to their diameter: sands (from 2mm to 50μm), silts (50μm to 2μm) and clays (<2μm). The distribution of these different particles makes it possible to determine the texture of the soils regardless of the nature and composition of these minerals.
Particle size fractionations have used regularly to measure the structural stability of soil for studying the organic matter associated with stable aggregates. The granulometry study shows that the samples of soils rather coarse, with a predominantly silty texture) ( Table 2 ). This study is realized by two modes (vertical vibration sieving and laser granulometry.
According to their mineral quality, the silts do not stabilize the soil structure, unlike silts. This distribution indicates, according to the triangle of textures 18 , that the soil of the landfill of Tangier is unstable.
Heavy metals
The results of heavy metals analyses of the superficial landfill soil samples shown in Table 3 . Heavy metals are among the principal polluting agents of the soil environment. The more part of them is generally associated with the suspended matter or to the sediments; in particular, those of the surface layer because it is where the phenomena of adsorption are most active. They could have two possible origins: natural origin by partial degradation of the rocks or an industrial origin related to the human activity 19, 20 . The concentrations of heavy metals in the landfill of Tangier exceeding those authorized in landfill soil in other landfills 21 , these high values of heavy metals in soils can be attributed to nature and waste composition. Metal pollution of buried waste is a long-term problem; metals have distributed in the soil in various forms.
The five heavy metals cited in the study: Pb, Cd, As, Cr, and Zn. Pb is toxic and is one of the least mobile metallic elements in the soil. It found commonly in household waste in developing countries because of its use as a component of cells 22 . The average concentration area beyond AFNOR (norm NF U 44-041) 19 except P1 ( Table 3 ), but that is below that of other landfills in the world. The cadmium can generate by batteries but also plastics, glass, and metals 22 . The total middle of the Cd is higher than the AFNOR norm 23 . Among the studied of heavy metals, the zinc concentrations have very high levels in landfill soils than that in natural soils (5 to 127 times higher in landfills than in natural soils 24 . The concentration of zinc in our study far exceeds the thresholds recommended by the AFNOR norm (300 mg/kg). Thus, the average concentration of Cr detected in the 0-20 cm depth is higher than that found by CCME 25 ; it is minimal compared to the AFNOR norm 23 . The high concentration of Cr can be explained by its anthropogenic in solid waste 26, 27 . The concentration of As is low compared to that found by CCME 25 and to other landfills ( Table 3) . The presence of heavy metals in the discharge is not uniform. This is due not only to the heterogeneity of the waste but also to the non-uniform degradation of this waste. 
FTIR spectra
The FTIR spectra of all seven samples were very similar in terms of the position of principal absorption bands and shoulders (Figure 2 ). Fine bands located at 3697, 3650 and 3619 cm -1 corresponding to stretching vibration of the OH group of the Si-O-H respectively kaolinite and silicates 28, 29 .
All of the spectra have characterized by strong bands at around 3403cm - aliphatic C-H group stretching, this band are more noticeable on P3.
The band at 695 cm-1is associated with the deformation of the Si-O bonds of the Kaolinite and the band (a shoulder in some cases) at 1799cm-1is attributed to the C=O stretching vibration of COOH, ketones, aldehydes and esters, this band very intense in P7 spectra.
Finally, in all spectra, a peak was detected at 1080-1030 cm -1 and ascribed to the C-O stretching of polysaccharides and/or to Si-O vibrations of silicate impurities (is more intense for the samples P5et P8). Thus, the peaks between 520 and 470 cm -1 are due to para-di-substituted aromatic groups 31 .
Although the FTIR spectra seemed very similar, differences across the spectra were apparent in terms of the relative intensity of some bands, depending on the landfill depths position. Figure 4 shows the photograph taken at SEM with an EDS spectrum of Tangier landfill (P3). SEM results show that they mainly consist of quartz and numerous alloys based on Si, Ca, Fe, Al, Zn, Mg... Figure 5 have demonstrated the existence of intra-granular porosity (rough surfaces and cracks) which are all factors leading to overestimation of the actual surface area of the landfill soil. 
The two images in
UV -visible spectroscopy
Many authors have used UV-Visible spectroscopy to characterize the degree of humification and stability of organic matter. According to the work of Swift, Kononova, Chen et al. and , the ratio Q4/Q6 has used as an index of humification. In the same principle, Zbytniewski & Buszewski 9 identified three main areas within the spectra of alkaline extracts compost or soil. The region between 460 and 480 nm correspond to the organic matter at the beginning of humification and the absorbance 600-670 nm corresponds to highly humified matter.
These ratios were calculated for 8 samples of the soil, and the results are expressed in Table 4 .
Decreases reports Q2/Q6 and Q4/Q6 indicate increased strongly humified organic matter in the soil and reflect a high degree of aromatic condensation and indicate a higher level of organic material humification 35, 36 .
These results indicate that the landfill soil samples are in early humification (characterized by a large amount of fulvic acid and low molecular weight ( Q4/Q6 > 5) 37 .
Conclusion
This work brings to understanding the different components of soil in a landfill.
The organic material content is the parameter that has a perfect correlation with the retention power of the organic and metal pollutants by the soil.
Our soil is very rich with limestone (moderately and strongly calcareous), and the C/N ratio does not exceed 15 in most samples.
Thus, the medium concentrations of heavy metals observed are higher than the standard reference values and other landfills of polluted soils, especially Zinc, whose origin is probably anthropogenic (industrial waste). For Spectroscopic (infrared and UV-visible) analysis, the results indicate that these soils are high molecular weight organic compounds (humic substances).
Finally, analyzes of SEM showed the presence of intra-granular porosities in grains. Moreover, the landfill Soil samples are composed of quartz and calcite the many mineral composites.
